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(54) Title: FUNCTTONALIZED STILBENE DERIVATIVES AS IMPROVED VASCULAR TARGETING AGENTS 



(57) Abstract: Novel stilbenoid compounds and their prodrug forms are disclosed, which serve as potent vascular targeting agents 
useful for the treatment of solid tumor cancers and other diseases associated with unwanted neovascularization. The novel stilbenoid 
compounds are tubulin-binding stilbenoid analogs structurally related to combretastatin A-l and combretastatin A-4. The prodrug 
forms serve as potent vascular targeting agents (VTAs) useful for the treatment of solid tumor cancers and diseases associated with 
retinal neovascularization. 
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FUNCTIONALIZED STILBENE DERIVATIVES AS IMPROVED 



The present invention relates to new stilbenoid compounds and their prodrug forms, 
which serve as potent vascular targeting agents useful for the treatment of solid tumor cancers 
and other diseases associated with unwanted neovascularization. 

More particularly, the present invention relates to tubulin-binding stilbenoid analogs 
structurally related to combretastatin A- 1 and combretastatin A-4. 



The discovery of the natural products collectively known as the combretastatins from 
a willow tree (Combretum caffrum) in South Africa ushered in a new era in the development 
of antimitotic agents which inhibit the assembly of tubulin into microtubules. Combretastatin 
A-4 (CA-4) and combretastatin A-l (CA-1), which have the structures: 
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are especially potent in terms of in vitro cytotoxicity against human cancer cell lines and in 
their ability to inhibit the assembly of tubulin into microtubules through a direct interaction at 
the colchicine binding site on (5-tubulin. 

It is interesting and instructive to note that while both CA-4 and CA-1 are potent 
5 inhibitors of tubulin assembly and are strongly cytotoxic against human cancer cell lines 
(Table 1), both of these in vitro assays suggest that CA-4 is more active biologically than 
CA-L 



Table 1: In Vitro Evalutation of Combretastatins and Combretastatin Prodr ugs 





Inhibition of Tubulin 
Polymerization (IC50) 


MTT Cytotoxicity 
(IC50) at 1 hour 


MTT Cytotoxicity 
(IC50) at 5 hours 


CA-4 


1-2 uM 


O.luM 


0.05 uM 


CA-1 


2-4 uM 


lOuM 


0.05 uM 


CA-4P 


>40uM 


0.8uM 


0.002 uM 


CA-1P 


>40uM 


3.2uM 


0.0046 uM 



10 



However, when both of these analogs are converted to their corresponding prodrug 
forms (CA-4P and CA-1P accordingly) and evaluated in vivo in terms of tumor vascular shut- 
down (Fig. 1) and tumor growth delay (Fig. 2), then it is apparent that CA-1P is eight to ten- 
fold more active than CA-4P in SCID mice. CA4P and CA1P have the structures: 
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In the case of CA-1P, the most probable biological mode of action ultimately appears 
to be an enzymatic cleavage by non-specific alkaline phosphatase (or a related enzyme) 
converting CA-1P (which is not active with tubulin) to the parent CA-1 (which is active with 
tubulin). CA-1 inhibits the assembly of cytoskeletal tubulin into microtubules resulting in a 
5 morphological change in the endothelial cells lining the microvessels of tumors. This 

morphological change causes the endothelial cells to "round-up" which results in an inability 
of the microvessels to sustain blood flow. Blood clotting and other events ensue which 
ultimately result in death of the surrounding tumor tissue. Healthy tissues are, for the most 
part, not affected even though the compound is administered systemically. Several 

10 possibilities exist for this selectivity including (but not limited to): (a) the possibility that 
there is enhanced activity or expression of nonspecific alkaline phosphatase in the micro- 
environment of the endothelial cells lining the tumor microvessels; (b) potential differences 
in the tubulin itself between mature healthy cells and immature, rapidly proliferating 
endothelial cells in the tumor microvessels which cause enhanced disruption of the tubulin 

15 assembly/disassembly process in the tumor microenvironment; (c) tumor cells are known to 
have "leaky" vessels and it is possible that some of the improved tumor growth delay is due 
to the compound (as parent drug or prodrug) leaving the blood vessels and entering the 
cytosol around the tumor where it can form a "supply pool" which ultimately enters the 
tumor cell itself and (as the parent compound) functions as an antimitotic agent inhibiting 

20 cellular division during metaphase of the cell cycle. The enhanced (10 fold) activity in vivo 
of CA-1P may be due, in part, to the pharmacokinetics associated with the cleavage of both 
of the phosphate groups (perhaps one cleaves more rapidly than the other) and the subsequent 
interaction of the parent diphenol (or perhaps one, or both, of the 
monophenols/monophosphates) with tubulin. 

25 It has therefore been an object of the studies which led to the present invention to 

demonstrate and confirm that the enhanced activity of CA-1P may not be due entirely to the 
substitution pattern in the B-ring of 2,3-diphosphate salt, but rather may be due to a change in 
pharmacokinetics associated with a Z-stilbenoid compound which incorporates a 3,4,5- 
trimethoxyphenyl motif in the A-ring, and a 4 , -methoxy, 3'-0-Phosphate, along with the 

30 incorporation of an additional group (with either an electronic or steric bias) at C-2\ C-5\ or 
C-6\ Compounds of this basic structural pattern may demonstrate good bioavailability and 
favorable pharmacokinetics which result in an improved interaction with tubulin and 
enhanced efficacy as VTAs. It should be readily apparent to anyone skilled in the art that 
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although the new compounds described herein have a trimethoxyaryl substitution pattern in 
the A-ring, it is a logical extension to vary the positions of these methoxy groups in the C-2, 
C-3, C-4, C-5, and C-6 positions. Substitution patterns of this type may also result in 
compounds active as VTAs. 
5 A variety of studies have suggested that the 3,4,5-trimethoxy substitution pattern on 

the A-ring and the 4-methoxy moiety on the B-ring are important structural features of the 
pharmacophore for these stilbenoid analogs (Fig. 3). Accordingly, the inventors have 
maintained these functionalities in most of the new molecules and have included further 
substitution patterns around the B-ring. The present invention and the compounds which are a 

10 part thereof is not limited in this respect, however, and substitution by other than a 4-methoxy 
moiety on the B-ring is contemplated. It is the contention of the present inventors that the 
improved in vivo activity of CA-1P (as related to CA-4P) is not due solely to the presence of 
a diphosphate moiety, but rather may have a strong tie to the pharmacokinetics of this 
compound including the enzymatic cleavage of the phosphate group (presumably by 

15 nonspecific alkaline phosphatase), subsequent inhibition of tubulin assembly resulting in 
morphological changes (rounding-up) of the immature endothelial cells lining the 
microvessels of tumors, and the resulting inability of these microvessels to sustain blood 
flow. Additional pharmacokinetic parameters such as reversibility of tubulin binding and 
perhaps incorporation of the parent CA-1 in the cytosolic fluid around the tumor cell itself 

20 may also play key biological roles. 



Summary of the Invention 

The present invention relates to novel stilbene compounds and more particularly to 
tubulin-binding stilbenoid analogs structurally related to combretastatin A-l and A-4. The 
25 synthesis of these new compounds is disclosed herein, together with experiments that 
demonstrate their activity in vitro and in vivo. 



In a first aspect the present invention provides a novel stilbene compound represented 
30 by the structure: 
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wherein: 

Ri, R4 and R 5 is independently H, OH, lower alkoxy, NH 2 , N0 2 , N 3 , NH-Rs, halogen, 
a phosphate ester salt moiety of the general formula 
5 (-0-P(0)(0"M + ) 2 , wherein M is a metal cation or salt such as Na, K and Li, or - 

OPO3R7R8; 

R 2 is H, OH, lower alkoxy, NH 2 , N0 2 , NH-R6, or phosphate ester salt moiety of the 
general formula (-0-P(0)(0~M + ) 2 , wherein M is a metal cation or salt such as Na, 
K and Li; or -OPO3R7R8, wherein NH 2 or OH may cyclize with Ri; 
10 R3 is H, lower alkoxy, or phosphate ester salt moiety of the general formula 

(-0-P(0)(0~M + ) 2 , wherein M is a metal cation or salt such as Na, K and Li or - 

OPO3R7R8; 
R6 is an amino acid acylamino group; and 

R 7 and Rg is independently lower alkyl, cycloalkyl, aryl or an ammonium salt (NH4 + ). 

15 

In a second aspect the present invention provides a novel stilbene compound 
represented by the structure: 




20 wherein: 

Ri is a phosphate ester salt moiety of the general formula (-0-P(0)(0"M + ) 2 , wherein 
M is a metal cation or salt such as Na, K and Li, -OP0 3 R 2 R 3 , or an alkyl sulfonate; 
R 2 is an alkyl group or an ammonium salt (NKU + ); and 
R 3 is an alkyl group or a cycloalkyl. 

25 

The compounds of formulas I and II as well as analogs thereof, are vascular targeting 
agents (VTAs) useful for the treatment of solid tumor cancers and diseases associated with 
unwanted neovascularization such as retinal neovascularization and restenosis, as well as 
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other conditions of nonmalignant neovascularization. More specifically, the compounds of 
formula I and II are useful in the treatment of a variety of cancers, including (but not limited 
to) the following: 

carcinoma, including that of the bladder, breast, colon, kidney, liver, lung, including small 
5 cell lung cancer, esophagus, gall bladder, ovary, pancreas, stomach, cervix, thyroid, 
prostate, and skin, including squamous cell carcinoma; 
hematopoietic tumors of lymphoid lineage, including leukemia, acute lymphocytic leukemia, 
acute lymphoblastic leukemia, B-cell lymphoma, T-cell lymphoma, Hodgkins lymphoma, 
non-Hodgkins lymphoma, hairy ceil lymphoma and Burkett's lymphoma; 
10 hematopoietic tumors of myeloid lineage, including acute and chronic myelogenous 
leukemias, myelodysplastic syndrome and promyelocytic leukemia; 
tumors of mesenchymal origin, including fibrosarcoma and rhabdomyosarcoma; 
tumors of the central and peripheral nervous system, including astrocytoma, neuroblastoma, 
glioma and schwannomas; and 
15 other tumors, including melanoma, seminoma, teratocarcinoma, osteosarcoma, xenoderoma 
pigmentosum, keratoctanthoma, thyroid follicular cancer, anaplastic thyroid cancer and 
Kaposi's sarcoma. 

It is thus an object of the present invention to provide a method to reduce or prevent 
retinal and corneal neovascularization via treatment with a drug that inhibits the assembly of 

20 tubulin into microtubules and which are potent vascular targeting agents. 

It is also a further object of this invention is to provide a method to reduce or prevent 
the development of atherosclerosis or restenosis by treatment with a drug which inhibits the 
assembly of tubulin into microtubules and which are potent vascular targeting agents. 
The details of one or more embodiments of the invention are set forth in the 

25 accompanying description below. Although any methods and materials similar or equivalent 
to those described herein can be used in the practice or testing of the present invention, the 
preferred methods and materials are now described. Other features, objects, and advantages 
of the invention will be apparent from the description. In the specification and the appended 
claims, the singular forms also include the plural unless the context clearly dictates otherwise. 

30 Unless defined otherwise, all technical and scientific terms used herein have the same 

meaning as commonly understood by one of ordinary skill in the art to which this invention 
belongs. All patents and publications cited in this specification are incorporated herein by 
reference. 
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Detailed Description of the Figures 
Figure 1 is a comparison of the effects of CA-4P and CA-1P on tumor blood flow 
over time. The vascular shutdown capacity of each compound was measured in SCID mice 
5 implanted subcutaneously with a murine hemangioendothelioma (MHEC5-T) tumor (n=3). 
In each case, 100 mg/kg of drug was injected as a single dose, and fluorescent beads were 
added through a tail vein 3 minutes prior to sacrifice. Blood flow reduction was quantified 
by fluorescence microscopy and expressed as a percentage of blood flow observed in those 
animals treated with a saline control; 
10 Figure 2 is a comparison of the anti tumor growth activity of CA1-P and CA-4P 

versus control in a nude mouse model of human breast carcinoma. Mice (n=3) were treated 
once daily (3.2, 6.3, 12.5, or 25mg/kg) in the first five days of the experiment. Some of the 
tumors were retreated for another 5 days beginning on day 42 of the experiment; and 

Figure 3 is depiction of the salient structural- activity relationship (SAR) features of 
15 the stilbenoid VTA pharmacophore. These features are retained in the molecular structure of 
CA-4 and are important for optimal tubulin-binding and vascular shutdown activity. 

Detailed Description of the Invention 
As defined herein, the present invention provides compounds of formula I and II and 
20 analogs and prodrugs thereof, pharmaceutical compositions employing such compounds and 
methods of using such compounds. 

Listed below are definitions of various terms used to describe the compounds of the 
instant invention. These definitions apply to the terms as they are used throughout the 
specification (unless they are otherwise limited in specific instances) either individually or as 
25 part of a larger group. 

It should be noted that any heteroatom with unsatisfied valences is assumed to have 
the hyrdrogen atom to satisfy the valences. 

The term alkyl group when used alone or in combination with other groups, are lower 
alkyl containing from 1 to 8 carbon atoms and may be straight chained or branched. An alkyl 
30 group is an optionally substituted straight, branched or cyclic saturated hydrocarbon group. 
When substituted, alkyl groups may be substituted with up to four substituent groups, R as 
defined, at any available point of attachment. When the alkyl group is said to be substituted 
with an alkyl group, this is used interchangeably with "branched alkyl group". Exemplary 
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unsubstituted such groups include methyl, ethyl, propyl, isopropyl, n-butyl, t-butyl, isobutyl, 
pentyl, hexyl, isohexyl, heptyl, 4,4-dimethylpentyl, octyl, 2,2,4-trimethylpentyl, nonyl, decyl, 
undecyl, dodecyl, and the like. Exemplary substituents may include but are not limited to one 
or more of the following groups: halo (such as F, CI, Br, I), haloalkyl (such as CC1 3 or CF 3 ), 
5 alkoxy, alkylthio, hydroxy, carboxy (-COOH), alkyloxycarbonyl (-C(O)R), 

alkylcarbonyloxy (-OCOR), amino (-NH 2 ), carbamoyl (-NHCOOR- or -OCONHR-), urea 
(-NHCONHR-) or thiol (-SH). Alkyl groups as defined may also comprise one or more 
carbon to carbon double bonds or one or more carbon to carbon triple bonds. 

The preferred alkyl groups contain 1-8 carbon atoms; more preferred alkyl groups 

10 contain 1-6 carbon atoms. Alkylene as used herein refers to a bridging alkyl group of the 
formula C n H2 n - Examples include CH2, 
-CH2CH2-, -CH 2 CH2CH2- and the like. 

As used herein the term "cycloalkyl" is a species of alkyl containing from 3 to 15 
carbon atoms, without alternating or resonating double bonds between carbon atoms. It may 

15 contain from 1 to 4 rings. Exemplary unsubstituted such groups include cyclopropyl, 

cyclobutyl, cyclopentyl, cyclohexyl, adamantyl, etc. Exemplary substituents include one or 
more of the following groups: halogen, alkyl, alkoxy, alkyl hydroxy, amino, nitro, cyano, 
thiol and/or alkylthio. 

As used herein, the term "aryl" refers to groups with aromaticity, including 5- and 6- 

20 membered single-ring aromatic groups that may include from zero to four heteroatoms, as 

well as multicyclic systems with at least one aromatic ring. Examples of aryl groups include 
benzene, phenyl, pyrrole, furan, thiophene, thiazole, isothiazole, imidazole, triazole, tetrazole, 
pyrazole, oxazole, isooxazole, pyridine, pyrazine, pyridazine, and pyrimidine, and the like. 
The aromatic ring can be substituted at one or more ring positions with such substituents as 

25 described above, as for example, halogen, hydroxyl, alkoxy, etc. 

As used herein, the term "lower alkoxy" refers to -O-alkyl groups, wherein alkyl is as 
defined hereinabove. The alkoxy group is bonded to the main chain, aryl or heteroaryl group 
through the oxygen bridge. The alkoxy group may be straight chained or branched; although 
the straight-chain is preferred. Examples include methoxy, ethyloxy, propoxy, butyloxy, t- 

30 butyloxy, i-propoxy, and the like. Preferred alkoxy groups contain 1-4 carbon atoms, 

especially preferred alkoxy groups contain 1-3 carbon atoms. The most preferred alkoxy 
group is methoxy. 
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As used herein, the term "halogen" or "halo" refers to chlorine, bromine, fluorine or 

iodine. 

As used herein, the term 'lower alkylamino" refers to a group wherein one alkyl 
group is bonded to an amino nitrogen, i.e., NH(alkyl). The NH is the bridge connecting the 
5 alkyl group to the aryl or heteroaryl. Examples include NHMe, NHEt, NHPr, and the like. 
The amino acid acyl group in the amino acid acylamino group is an acyl group 
derived from the amino acid. The amino acids may be enumerated by a-amino acids, P- 
amino acids and y-amino acids. Examples of preferred amino acids include glycine, alanine, 
leucine, serine, lysine, glutamic acid, asparatic acid, threonine, valine, isoleucine, ornithine, 

10 glutamine, asparagines, tyrosine, phenylalanine, cysteine, methionine, arginine, (}-alanine, 
tryptophan, proline, histidine, etc. The preferred amino acid is serine. 

As used herein, the term "prodrug" refers to a precursor form of the drug which is 
metabolically converted in vivo to produce the active drug. Thus, for example, 
combretastatin A-4 phosphate prodrug salts or combretastatin A-l phosphate prodrug salts 

15 administered to an animal in accordance with the present invention undergo metabolic 

activation and regenerate combretastatin A-4 or combretastatin A-l in vivo, e.g., following 
dissociation and exposure to endogenous non-specific phosphatases in the body. A 
phosphate prodrug salt or phosphate ester salt moiety as used interchangeably herein, include 
those with a phosphate ester salt moiety (-OP(0)(0" M + )2> or one phosphate triester moiety 

20 (-OP(0)(OR) 2 ) or one phosphate diester moiety (-OP(0)(OR)(0 M + ) where M is a salt and R 
is chosen to be any appropriate alkyl or branched alkyl substituent (the two R groups may be 
the same alkyl group or may be mixed), or benzyl, or aryl groups. The salt M is 
advantageously Na, K and Li, but the invention is not limited in this respect. The phosphate 
ester salt moiety may also include (-OP(0)(0-alkyl) 2 or (-OP(0)(O-NH4 + ) 2 ). 

25 As used herein, the term "salt" is a pharmaceutically acceptable salt and can include 

acid addition salts including hydrochlorides, hydrobromides, phosphates, sulphates, hydrogen 
sulphates, alkylsulphonates, arylsulphonates, acetates, benzoates, citrates, maleates, 
fumarates, succinates, lactates, and tartrates; alkali metal cations such as Na, K, Li, alkali 
earth metal salts such as Mg or Ca or organic amine salts such as those disclosed in PCT 

30 International Application Nos.WO02/22626 or WO00/48606. 

All stereoisomers of the compounds of the instant invention are contemplated, either 
in admixture or in pure or substantially pure form. The definition of the compounds 
according to the invention embraces all possible stereoisomers and their mixtures. It very 

9 
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particularly embraces the racemic forms and the isolated optical isomers having the specified 
activity. The racemic forms can be resolved by physical methods, such as, for example, 
fractional crystallization, separation or crystallization of diastereomeric derivatives or 
separation by chiral column chromatography. The individual optical isomers can be obtained 
5 from the racemates by conventional methods, such as, for example, salt formation with an 
optically active acid followed by crystallization. 

The present invention also relates to the administration of a vascular targeting agent, 
particularly a tubulin binding agent having the chemical structures disclosed herein, for 
treating malignant or non-malignant vascular proliferative disorders. 

10 Tubulin binding agents inhibit tubulin assembly by binding to tubulin-binding 

cofactors or cofactor-tubulin complexes in a cell during mitosis and prevent the division and 
thus proliferation of the cell. Tubulin binding agents comprise a broad class of compounds 
which inhibit tubulin polymerization, and which generally function as tumor selective 
vascular targeting agents useful for cancer chemotherapy, as well as for other non-cancer 

15 applications such as ocular disease and restenosis. 

Vascular Targeting Agents, also known as Vascular Damaging Agents, are a novel 
class of antineoplastic drugs which attack solid tumors by selectively occluding, disrupting, 
or destroying the existing vasculature formed by angiogenesis. The cytotoxic mechanism of 
VTA action is quite divorced from that of anti-angiogenic agents. A single dose of VTA can 

20 cause a rapid and irreversible tumor vascular shutdown of existing tumor vasculature, leading 
eventually to tumor necrosis by induction of hypoxia and nutrient depletion. Other agents 
have been known to disrupt tumor vasculature but differ in that they also manifest substantial 
normal tissue toxicity at their maximum tolerated dose. In contrast, genuine VTAs retain 
their vascular shutdown activity at a fraction of their maximum tolerated dose. 

25 In one embodiment, the present invention is directed to the administration of a 

vascular targeting agent ("VTA"), particularly a tubulin binding agent, for the treatment of 
malignant or non-malignant vascular proliferative disorders in ocular tissue. 

Neovascularization of ocular tissue is a pathogenic condition characterized by 
vascular proliferation and occurs in a variety of ocular diseases with varying degrees of 

30 vision failure. The administration of a VTA for the pharmacological control of the 

neovascularization associated with non-malignant vascular proliferative disorders such as wet 
macular degeneration, proliferative diabetic retinopathy or retinopathy of prematurity would 
potentially benefit patients for which few therapeutic options are available. In another 

10 
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embodiment, the invention provides the administration of a VTA for the pharmacological 
control of neovascularization associated with malignant vascular proliferative disorders such 
as ocular tumors. 

The blood-retinal barrier (BRB) is composed of specialized nonfenestrated tightly- 
5 joined endothelial cells that form a transport barrier for certain substances between the retinal 
capillaries and the retinal tissue. The nascent vessels of the cornea and retina associated with 
the retinopathies are aberrant, much like the vessels associated with solid tumors. Tubulin 
binding agents, inhibitors of tubulin polymerization and vascular targeting agents, may be 
able to attack the aberrant vessels because these vessels do not share architectural similarities 

10 with the blood retinal barrier. Tubulin binding agents may halt the progression of the disease 
much like they do with a tumor-vasculature. Local (non-systemic) delivery of tubulin 
binding agents to the eye can be achieved using intravitreal injection, sub-Tenon's injection, 
ophthalmic drops iontophoresis, and implants and/or inserts. Systemic administration may be 
accomplished by administration of the tubulin binding agents into the bloodstream at a site 

15 which is separated by a measurable distance from the diseased or affected organ or tissue, in 
this case they eye. Preferred modes of systemic administration include parenteral or oral 
administration. 

The compounds of the present invention may are also contemplated for use in the 
treatment of vascular disease, particularly atheroscleorsis and restenosis. Atherosclerosis is 

20 the most common form of vascular disease and leads to insufficient blood supply to critical 
body organs, resulting in heart attack, stroke, and kidney failure. Additionally, 
atherosclerosis causes major complications in those suffering from hypertension and diabetes, 
as well as tobacco smokers. Atherosclerosis is a form of chronic vascular injury in which 
some of the normal vascular smooth muscle cells ("VSMC") in the artery wall, which 

25 ordinarily control vascular tone regulating blood flow, change their nature and develop 

"cancer-like" behavior. These VSMC become abnormally proliferative, secreting substances 
(growth factors, tissue-degradation enzymes and other proteins) which enable them to invade 
and spread into the inner vessel lining, blocking blood flow and making that vessel 
abnormally susceptible to being completely blocked by local blood clotting, resulting in the 

30 death of the tissue served by that artery. 

Restenosis, the recurrence of stenosis or artery stricture after corrective surgery, is an 
accelerated form of atherosclerosis. Recent evidence has supported a unifying hypothesis of 
vascular injury in which coronary artery restenosis along with coronary vein graft and cardiac 

11 
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allograft atherosclerosis can be considered to represent a much accelerated form of the same 
pathogenic process that results in spontaneous atherosclerosis (Ip, J. H., et ai, (1990) J Am 
Coll Cardiol, 15:1667-1687; Muller, D. W. M, et al, (1992) J Am Coll Cardiol, 19:418-432). 
Restenosis is due to a complex series of fibroproliferative responses to vascular injury 
5 involving potent growth-regulatory molecules, including platelet-derived growth factor 
(PDGF) and basic fibroblast growth factor (bFGF), also common to the later stages in 
atherosclerotic lesions, resulting in vascular smooth muscle cell proliferation, migration and 
neointimal accumulation. 

Restenosis occurs after coronary artery bypass surgery (CAB), endarterectomy, and 

10 heart transplantation, and particularly after heart balloon angioplasty, atherectomy, laser 
ablation or endovascular stenting (in each of which one-third of patients redevelop artery- 
blockage (restenosis) by 6 months), and is responsible for recurrence of symptoms (or death), 
often requiring repeat revascularization surgery. Despite over a decade of research and 
significant improvements in the primary success rate of the various medical and surgical 

15 treatments of atherosclerotic disease, including angioplasty, bypass grafting and 

endarterectomy, secondary failure due to late restenosis continues to occur in 30-50% of 
patients (Ross, R. (1993) Nature, 362:801-809). 

The most effective way to prevent this disease is at the cellular level, as opposed to 
repeated revascularization surgery which can carry a significant risk of complications or 

20 death, consumes time and money, and is inconvenient to the patient. 

Microtubules, cellular organelles present in all eukaryotic cells, are required for 
healthy, normal cellular activities. They are an essential component of the mitotic spindle 
needed for cell division, and are required for maintaining cell shape and other cellular 
activities such as motility, anchorage, transport between cellular organelles, extracellular 

25 secretary processes (Dustin, P. (1980) Sci. Am., 243: 66-76), as well as modulating the 
interactions of growth factors with cell surface receptors, and intracellular signal 
transduction. Furthermore, microtubules play a critical regulatory role in cell replication as 
both the c-mos oncogene and CDC-2-kinase, which regulate entry into mitosis, bind to and 
phosphorylate tubulin (Verde, F. et al (1990) Nature, 343:233-238), and both the product of 

30 the tumor suppressor gene, p53, and the T-antigen of SV-40 bind tubulin in a ternary 

complex (Maxwell, S. A. et al. (1991) Cell Growth Differen., 2:115-127). Microtubules are 
not static, but are in dynamic equilibrium with their soluble protein subunits, thea- and p- 
tubulin heterodimers. Assembly under physiologic conditions requires guanosine 
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triphosphate (GTP) and certain microtubule associated and organizing proteins as cof actors; 
on the other hand, high calcium and cold temperature cause depolymerization. 

Interference with this normal equilibrium between the microtubule and its subunits 
would therefore be expected to disrupt cell division and motility, as well as other activities 
5 dependent on microtubules. This strategy has been used with significant success in the 

treatment of certain malignancies. Indeed, antimicrotubule agents such as colchicine and the 
vinca alkaloids are among the most important anticancer drugs. These antimicrotubule 
agents, which promote microtubule disassembly, play principal roles in the chemotherapy of 
most curable neoplasms, including acute lymphocytic leukemia, Hodgkin's and non- 
10 Hodgkin's Lymphomas, and germ cell tumors, as well as in the palliative treatment of many 
other cancers. 

Taxol® (paclitaxel) has been shown to be an effective antimicrotubule agent. Unlike 
other antimicrotubules such as colchicine and the vinca alkaloids which promote microtubule 
disassembly, taxol acts by promoting the formation of unusually stable microtubules, 

15 inhibiting the normal dynamic reorganization of the microtubule network required for mitosis 
and cell proliferation (Schiff, P. B., et al. (1979) Nature 277: 665; Schiff, P. B., et aL (1981) 
Biochemistry 20: 3247). In the presence of taxol, the concentration of tubulin required for 
polymerization is significantly lowered; microtubule assembly occurs without GTP and at 
low temperatures, and the microtubules formed are more stable to depolymerization by 

20 dilution, calcium, cold, and inhibitory drugs. Taxol will reversibly bind to polymerized 
tubulin, and other tubulin-binding drugs will still bind to tubulin even in the presence of 
taxol. 

Taxol is, however, highly insoluble and severe allergic reactions have been observed 
following administration of taxol. Furthermore, cardiac arrhythmias are associated with taxol 
25 administration, and like allergic reactions, their incidence is affected by the dosage and rate 
of taxol administration. 

Although others have investigated the use of the antimicrotubule agent colchicine in 
preventing restenosis, opposite conclusions have been reported (See Currier, et aL 9 
"Colchicine Inhibits Restenosis After Iliac Angioplasty In The Atherosclerotic Rabbit" 
30 (1989) Circ, 80:11-66; O'Keefe, et al , "Ineffectiveness Of Colchicine For The Prevention Of 
Restenosis After Coronary Angioplasty" (1992) J. Am. Coll. Cardiol., 19:1597-1600). The 
art, however, fails to suggest the use of a vascular targeting agent such as CA-1 or CA-4 in 
preventing or reducing restenosis. Thus, the method of the present invention is to prevent or 
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reduce the development of atherosclerosis or restenosis using a vascular targeting agent such 
as CA-1 or CA-4 or their analogs, as well as produgs of these compounds. This microtubule 
stabilizing mechanism of atherosclerosis or restenosis prevention is supported by the 
analogous results in experiments on cellular proliferation and migration using taxol and H2 O 
5 (deuterium oxide), which exert comparable microtubule effects via different underlying 
mechanisms. 

Pharmaceutical compositions of the invention are formulated to be compatible with 
its intended route of administration. As with the use of other chemotherapeutic drugs, the 
individual patient will be monitored in a manner deemed appropriate by the treating 

10 physician. Dosages can also be reduced if severe neutropenia or severe peripheral 

neuropathy occurs, or if a grade 2 or higher level of mucositis is observed, using the Common 
Toxicity Criteria of the National Cancer Institute. 

Pharmaceutical compositions for ophthalmic topical administration may include 
ophthalmic solutions, ophthalmic gels, sprays, ointments, perfusion and inserts. A topically 

15 delivered formulation of tubulin binding agent should remain stable for a period of time long 
enough to attain the desired therapeutic effects. In addition the agent must penetrate the 
surface structures of the eye and accumulate in significant quantities at the site of the disease. 
Additionally, a topically delivered agent should not cause an excessive amount of local 
toxicity. 

20 Ophthalmic solutions in the form of eye drops generally consist of aqueous media. In 

order to accommodate wide ranges of drugs which have various degrees of polarity, buffers, 
organic carriers, inorganic carriers, emulsifiers, wetting agents, etc. can be added. 
Pharmaceutically acceptable buffers for ophthalmic topical formulations include phosphate, 
borate, acetate and glucoronate buffers, amongst others. Drug carriers may include water, 

25 water mixture of lower alkanols, vegetable oils, polyalkylene glycols, petroleum based jelly, 
ethylcellulose, ethyl oleate, carboxymethylcellulose, polyvinylpyrrolidone, and isoproplyl 
myristrate. Ophthalmic sprays generally produce the same results as eye drops and can be 
formulated in a similar manner. Some ophthalmic drugs have poor penetrability across 
ocular barriers and are not administrable as drops or spray. Ointments may thus be used to 

30 prolong contact time and increase the amount of drug absorbed. Continuous and constant 
perfusion of the eye with drug solutions can be achieved by placing polyethylene tubing in 
the conjunctival sac. The flow rate of the perfusate is adjustable via a minipump system to 
produce continuous irrigation of the eye. Inserts are similar to soft contact lens positioned on 
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the cornea, except that inserts are generally placed in the upper cul-de-sac or, less frequently, 
in the lower conjunctival sac rather than attached to the open cornea. Inserts are generally 
made of biologically soluble materials which dissolve in lacrimal fluid or disintegrate while 
releasing the drug. 

5 The compositions of the present invention may also be formulated for systemic 

administration. Examples of systemic routes of administration include parenteral, e.g., 
intravenous, intradermal, subcutaneous, oral (e.g., inhalation), transmucosal, and rectal 
administration. Solutions or suspensions used for parenteral or subcutaneous application can 
include the following components: a sterile diluent such as water for injection, saline 

10 solution, fixed oils, polyethylene glycols, glycerine, propylene glycol or other synthetic 

solvents; antibacterial agents such as benzyl alcohol or methyl parabens; antioxidants such as 
ascorbic acid or sodium bisulfite; chelating agents such as ethylenediaminetetraacetic acid; 
buffers such as acetates, citrates or phosphates, and agents for the adjustment of tonicity such 
as sodium chloride or dextrose. The pH can be adjusted with acids or bases, such as 

15 hydrochloric acid or sodium hydroxide. The parenteral preparation can be enclosed in 
ampoules, disposable syringes or multiple dose vials made of glass or plastic. 

Pharmaceutical compositions suitable for injectable use include sterile aqueous 
solutions (where water soluble) or dispersions and sterile powders for the extemporaneous 
preparation of sterile injectable solutions or dispersion. For intravenous administration, 

20 suitable carriers include physiological saline, bacteriostatic water, Cremophor EL (BASF, 
Parsippany, N.J.) or phosphate buffered saline (PBS). In all cases, the composition must be 
sterile and should be fluid to the extent that easy syringeability exists. It must be stable under 
the conditions of manufacture and storage and must be preserved against the contaminating 
action of microorganisms such as bacteria and fungi. The carrier can be a solvent or 

25 dispersion medium containing, for example, water, ethanol, polyol (for example, glycerol, 

propylene glycol, and liquid polyethylene glycol, and the like), and suitable mixtures thereof. 
The proper fluidity can be maintained, for example, by the use of a coating such as lecithin, 
by the maintenance of the required particle size in the case of dispersion and by the use of 
surfactants. Prevention of the action of microorganisms can be achieved by various 

30 antibacterial and antifungal agents, for example, parabens, chlorobutanol, phenol, ascorbic 
acid, thimerosal, and the like. In many cases, it will be preferable to include isotonic agents, 
for example, sugars, polyalcohols such as mannitol, sorbitol, sodium chloride in the 
composition. Prolonged absorption of the injectable compositions can be brought about by 
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including in the composition an agent which delays absorption, for example, aluminum 
monostearate and gelatin. 

Sterile injectable solutions can be prepared by incorporating the active compound 
(e.g., a vascular targeting agent) in the required amount in an appropriate solvent with one or 
5 a combination of ingredients enumerated above, as required, followed by filtered sterilization. 
Generally, dispersions are prepared by incorporating the active compound into a sterile 
vehicle that contains a basic dispersion medium and the required other ingredients from those 
enumerated above. In the case of sterile powders for the preparation of sterile injectable 
solutions, methods of preparation are vacuum drying and freeze-drying that yields a powder 

10 of the active ingredient plus any additional desired ingredient from a previously 
sterile-filtered solution thereof. 

Oral compositions generally include an inert diluent or an edible carrier. They can be 
enclosed in gelatin capsules or compressed into tablets. For the purpose of oral therapeutic 
administration, the active compound can be incorporated with excipients and used in the form 

15 of tablets, troches, or capsules. Oral compositions can also be prepared using a fluid carrier 
for use as a mouthwash, wherein the compound in the fluid carrier is applied orally and 
swished and expectorated or swallowed. Pharmaceutically compatible binding agents, and/or 
adjuvant materials can be included as part of the composition. The tablets, pills, capsules, 
troches and the like can contain any of the following ingredients, or compounds of a similar 

20 nature: a binder such as microcrystalline cellulose, gum tragacanth or gelatin; an excipient 

such as starch or lactose, a disintegrating agent such as alginic acid, Primogel, or corn starch; 
a lubricant such as magnesium stearate or Sterotes; a glidant such as colloidal silicon dioxide; 
a sweetening agent such as sucrose or saccharin; or a flavoring agent such as peppermint, 
methyl salicylate, or orange flavoring. 

25 For administration by inhalation, the compounds are delivered in the form of an 

aerosol spray from pressured container or dispenser which contains a suitable propellant, e.g., 
a gas such as carbon dioxide, or a nebulizer. 

Systemic administration can also be by transmucosal or transdermal means. For 
transmucosal or transdermal administration, penetrants appropriate to the barrier to be 

30 permeated are used in the formulation. Such penetrants are generally known in the art, and 
include, for example, for transmucosal administration, detergents, bile salts, and fusidic acid 
derivatives. Transmucosal administration can be accomplished through the use of nasal 
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sprays or suppositories. For transdermal administration, the active compounds are 
formulated into ointments, salves, gels, or creams as generally known in the art. 

The compounds can also be prepared in the form of suppositories (e.g., with 
conventional suppository bases such as cocoa butter and other glycerides) or retention 
5 enemas for rectal delivery. 

The compound of the present invention may also prove useful in the treatment of 
coronary artery disease by serving as antimitotic agents coated (or conjugated) onto stents to 
prevent the recurring problem of restenosis after angioplasty. 

In addition to the vascular targeting agents described above, the invention also 
10 includes the use of pharmaceutical compositions and formulations comprising a vascular 
targeting agent in association with a pharmaceutically acceptable carrier, diluent, or 
excipient, such as for example, but not limited to, water, glucose, lactose, hydroxypropyl 
methylcellulose, as well as other pharmaceutically acceptable carriers, diluents or excipients 
generally known in the art. 
15 As used herein, terms "pharmacologically effective amount", "pharmaceutically 

effective dosage" or "therapeutically effective amount" mean that amount of a drug or 
pharmaceutical agent that will elicit the biological or medical response of a tissue, system, 
animal or human that is being sought by a researcher or clinician. 

It is intended that the systemic and non-systemic administration of VTAs and tubulin 
20 binding agents in accordance with the present invention will be formulated for administration 
to mammals, particularly humans. However, the invention is not limited in this respect and 
formulations may be prepared according to veterinary guidelines for administration to 
animals as well. 

The vast majority of the compounds described herein can be prepared synthetically 
25 through a Wittig reaction between an appropriately substituted aldehyde and an appropriately 
substituted phosphorous ylide. The aldehyde portion and ylide portion can be readily 
switched as well to allow for the judicious incorporation of the requisite functional groups 
within the target stilbenoids (see Scheme 1 and 2 for general synthetic protocols). 
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R 2 




(Z - isomer) 

Scheme 1 : General Synthetic Route to Stilbenoids -- Part I 




(Z-isomet) 

Scheme 2: General Synthetic Route to Stilbenoids - Part II 

A wide variety of functionalized stilbenoid compounds have been prepared utilizing 

5 the general synthetic approach outlined in Schemes 1 and 2. In each case, the starting 

materials can either be purchased (Aldrich Chemical Co., and/or Acros (Fisher Scientific), 

etc.) or prepared in one or two steps by routes described in the literature. It is important to 

note that each of these preferred compounds contains the 3, 4,5 -trimethoxy phenyl motif in the 

A-ring of the stilbenoid along with additional functionalization in terms of groups with steric 

10 and/or electronic bias at the remaining positions in the B-ring. The preferred stereochemical 

configuration is Z, however it should be readily apparent to anyone skilled in the art that the 

corresponding ^-isomers will be readily obtained and certain of these is-isomers may have 

activity as VTAs. In each case, the free phenolic moiety can be readily converted to its 

corresponding phosphate prodrug entity as exemplified for one of the compounds in Scheme 
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3. Where more than one free phenolic moiety is present, a mixture of partially 
phosphorylated compounds can be produced by using limiting amounts of the reagents in 
Scheme 3 



H 3 co^ „ „ ^ . 

w 1 j HP(0)(OBn) 2 / CCI 4 ^ DMAP 

acetonitrile / Hunig's base 




2) Nal /TMSCI / acetonitrile 

3) NaOCH 3/CH3OH 




5 Scheme 3: Representative Synthesis of Stilbenoid Phosphate Prodrug 

A logical developmental extension of the phenolic stilbenoid analogs is the 
replacement of the phenol moiety with an amine functionality. This amine can be further 
modified to form an amide bond to an amino acid residue and function biologically as a 
prodrug. The parent free amine still functions biologically through a binding interaction with 

10 tubulin, while the amide prodrug linkage (serinamide, for example) serves as a prodrug 

construct. This concept has been successfully developed by Ajinomoto Pharmaceuticals Co., 
Inc. through the preparation of the 3-amino analog of CA-4 and its corresponding 
serinamide. Utilizing similar synthetic methodology as employed by Ajinomoto Inc. 
(Scheme 4), we have prepared a variety of amine functionalized stilbenoid compounds and 

15 their corresponding serinamide congeners. 




3 -Amino-CA-4 3'-Amino-CA-4-Serinamide Prodrug 



Scheme 4: Representative Preparation of Serinamide Prodrug 



It is important to that certain of these compounds can contain both a serinamide and a 
20 phosphate salt or ester. In addition, certain of these compounds can contain a phosphate salt 
judiciously bridged between a phenol and an amine functionality. It is important to note that 
although serine may be the preferred amino acid to use in these prodrug formulations, other 
amino acids may be utilized as well. All of these transformations to prodrugs can be 
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achieved by the methods described herein as well as through the use of other standard 
synthetic methodologies which should be obvious to anyone skilled in the art. 

In an effort to improve the bioavailabilty and pharmacokinetics of stilbenoid 
derivatives as VTAs, a CA-4P dimer has been prepared (Scheme 5). 



OH 



1) P(0)Cb / THF / EfcN 

2) N^CQa (2%) / HO 





CA-4P Dimer (Mono-sodium Salt) 
ZSB-5 



Scheme 5. Synthesis of CA-4P Dimer 



In an analogous manner, a variety of other stilbenoid dimers are anticipated which could be 
readily prepared by a very similar synthetic strategy to that illustrated in Scheme III. In 
addition, other salt counter ions such as lithium, potassium, etc. may be employed with 
10 presumably equivalent efficacy. 

The potential biological advantage of the dimers is based on the following strategy: 

A) The dimers may prove to be poorer substrates for enzymatic cleavage by 
nonspecific alkaline phosphatase or other enzyme 

B) By slowing down the cleavage of the phosphate (prodrug portion of the 
15 molecule), the pharmacokinetics may be altered in a favorable fashion 

resulting in improved function in terms of vascular targeting 

C) The dimers are especially attractive due to the fact that enzymatic cleavage 
delivers two molecules of the biologically potent stilbenoid VTA. 

A variety of triester and diester phosphates have been prepared in order to address the 
20 issue of improved pharmacokinetics leading to enhanced vascular targeting capability. 
Several phosphate diester CA4 prodrugs have been prepared based on the promising 
biological activity displayed by the parent phosphate monoester prodrug, CA4P. A general 
synthesis for these compounds is detailed in Scheme 6. It should be obvious to anyone 
skilled in the art that an enormous variety of diesters derived from CA4 (and analogously, 
25 derived from other phenolic combretastatins as well as diols such as CA1) can readily be 
prepared using the methodologies described herein. 
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(/-Pr 2 )N CF 3 CH 2 OH 

NC^^ P ^CI THF, APr 2 NEt, 
86% 



(/-Pr 2 )N 



"CF 3 



a) 1 H-tetrazole, CH 3 CN 

b) CA1,CH 2 CI 2 

c) MCPBA 

35% 




0' P ^0^^ CN cone. NH4OH H3CO 



OCH3 



90% 




"0° NH 4 



H3CO OCH3 OCH3 



Phosphate Diester CA4 Prodrugs Synthesized 




R = 



H3C0 



0CH3 



0CH3 



CF3CH2-I CH 3 4 CH^CH^CH^ 



Scheme 6: Preparation of Stilbenoid Phosphate Diester Analog 



10 



15 



The design premise for these new compounds is similar to that outlined and 
developed for the stilbenoid dimers (previously described). A similar synthetic strategy was 
employed for the synthesis of these ligands (see Schemes 6 and 7 for representative 
examples). The compounds clearly demonstrate reduced cytotoxicity (compared to 
CA-4) which does suggest that they may be poorer substrates for enzymatic cleavage of the 
phosphate moiety which may prove advantageous for improved VTAs in terms of enhanced 
in vivo pharmacokinetic profiles. 



H3CO, 



H3CO 




(EtO) 2 P(0)H / acetonitrile 
Hunig's Base / DMAP / CCU 




CA-4 



O 

-P-OCH 2 CH 3 
>CH 3 OCH 2 CH 3 

ZSB-11 



Scheme 7: Representative Synthesis of Stilbenoid Phosphate Triester 



The invention is further defined by reference to the following examples and 
preparations which describe the manner and process of making and using the invention and 
20 are illustrative rather than limiting. It will be apparent to those skilled in the art that many 

21 



WO 03/035008 



PCT/US02/34497 



modifications, both to the materials and methods, may be practiced without departing from 
the purpose and interest of the invention. 

5 Examples 

Example 1: 2' Hvdroxv-3 > -bromo-3,4,4\5-tetramethoxv-(Z)-stilbene (ZSB-26A) 




10 

A. Preparation of 3,4,5-trimethoxybenzyltriphenylphosphonium bromide 

To a well-stirred solution of CBr 4 (5.10g, 15.4 mmol) in acetone (80mL) at 0°C under 
N 2 , 3,4,5-trimethoxybenzyl alcohol (2.23g, 11.3 mmol) and triphenylphosphine (4.00g, 15.3 
mmol) were added. After 12 hours, the mixture was filtered through Celite and the solvent 

15 removed under reduced pressure to yield benzyl bromide as a brown oil. This oil was then 
dissolved in CH 2 C1 2 (50mL) and PPh 3 (3.25g, 12.4 mmol) was added. The reaction was 
heated overnight and then ice-cold water was added and the product isolated by extraction 
with CH2CI2. The organic phase was washed with brine and dried over sodium sulfate. 
Evaporation of the solvent in vacuo resulted in a crude solid, which was recrystallized from 

20 ethyl alcohol / hexane to afford 3,4,5-trimethoxybenzyltriphenyl 
phosphonium bromide (5.0g, 85 %). 

B. Preparation of 2-hydroxy-3-bromo-4-methoxybenzaIdehyde 

Treatment of 2-hydroxy-4-methoxybenzaldehyde (3.04g, 20mmole) with mercuric 
25 acetate (leq., 20mmole) in refluxing ethanol( 100ml) containing acetic acid (1% weight 
percentage) followed by treatment with aq. NaBr gave in 80% yield a mixture of organo- 
mercusy compounds. The mixture was treated with 1 eq. of Bromine in CHCI3 containing a 
small amount of acetic acid. Purification over silica gel (elution with 30% EtOAc in hexane, 
afforded 2-hydroxy-3-bromo-4-methoxybenzaldehyde (2.11g, 47.2%) 

30 

C. Preparation of 2-(*-butyldimethylsilyl)-3-bromo-4-methoxy benzaldehyde 
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Diiospropylethylamine(3.0ml ) was added to a stirred solution (under argon) of 2- 
hydroxy-3-bromo- -4-methoxybenzaldehyde(1.96, 8.5 mmole) in DMF (15 ml) followed by 
t-butyldimethlsilyl chloride( TBSC1, 1.91g, 12.8rnmole). The reaction mixture was stirred at 
room temperature for 30min and Ice (20g) was added to the mixture. The mixture was then 
5 extracted with ether (3X25ml), The ethereal solution was washed with water (25ml) and 
saturated NaHCC>3 solution (2X15ml). The solvent evaporated to yield 2-(t- 
butyldimethylsilyl)-3-bromo-4-methoxy benzaldehyde as an oil (2.54g, 7.06mmole, 83.1%). 

D. Preparation of 2'-oxy -^butyldimethylsilyI)-3 , -bromo-3^4%5-tetramethoxy- 
10 (Z)-stilbene 

Butyllithium (1.5 ml, 2M Hexane, 3mmole) was added (under argon) to a suspension 
of 3,4,5-trimethoxybenzyltxyphenylphosphonium bromide (1.57g, 3 mmole) in THF (50 nil) 
at -15°C. The resulting deep reddish solution was allowed to stir at room temperature for 30 
15 min. 2-hydroxy-3-bromo-4-methoxybenzaldehyde (0.991g, 2.8mmole) was added, and the 

reaction mixture was kept stirring for 3 hours. The reaction mixture was diluted with ice-cold 
H 2 0 and extracted with ether (3x25ml). The etheral solution was washed with water, and 
solvent was evaporated to yield a Z and E mixture of 2'-oxy -(/-butyldimethylsilyl)-3'- 
bromo-3,4,4\5-tetramethoxystilbene (1.20g mixture, 2.36mmole, 78.7%). 

20 

E. Preparation of 2'-hydroxy-3 , -bromo-3,4,4%5-tetramethoxy-(Z)-stilbene 

To a DMF (7ml) solution containing Z&E mixture of 2'-oxy -(r-butyldimethylsilyl)- 
3 , -bromo-3,4,4 , ,5-tetramethoxystilbene (743 mg 1.46mmole), KF (84mg, 1.46 mmole) and 
HBr(0.17ml, 1.46 mmole) was added. The reaction was monitored by TLC. Another 0.17ml 

25 HBr was added in the second day. The reaction was kept stirring for 2 days. Water (15ml) 
was added to the solution, and the solution was extracted with ethyl acetate (3x15 ml). The 
extraction was washed with water, dried with sodium sulfate, and rotavapored. The residue 
was applied to silica gel column and eluted with hexanerethyl acetate (7:3) to afford 2'- 
hydroxy-3'-bromo-3,4,4 , ,5-tetramethoxy-(Z)-stilbene (256mg 0.64mmole, 43.8%). 

30 H-NMR,(ppm, 5): 6.95,(1H, d, d=11.5Hz), 6.56(1H, d, J=8.5Hz), 6.52(1H, d, J=11.5Hz), 
6.44(2H, s), 3.80(3H, s), 3.61(3H, s), 3.54(3H, s) 

C-NMR,(ppm, 5): 155.00, 153.38, 150.72, 128.40, 126.07, 122.48, 118.59, 133.00, 103.93, 
103.49, 60.98,56.44, 56.15. 
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Example 2: 2'-Disodium Phosphate-3 > -bromo-3.4.4\5-tetramethoxv-(ZVstilbene (ZSB- 
26B) 




OCH 3 

5 

A. Preparation of 2-0-Bis(benzyl)phosphoryI-3-bromo-3,4,4%5-tetramethoxy- 
(Z)-stilbene 

2'-hydroxy-3 , -bromo-3,4,4 , ,5-tetramethoxy-(Z)-stilbene (250mg, 0.63mmole) was 
10 dissolved in acetonitrile(lOml) in a flask equipped with a septum, thermometer and argon 

inlet. After cooling to -25°C, carbon tetrachloride(5eq. 3.15mmole, 0.6ml) was added and the 
solution was stirred for 5 min. With a syringe, diisopropylethylamine (0.65ml, 2eq.) was 
added followed by DMAP(18mg. 0.3eq, O.lSmmole). Slow addition of dibenzyl 
phosphite(0.25ml, 1.26 mmole, 2.0eq.) was begun 1 min later at such a rate the reaction 
15 temperature remained below -20°C. After completion of the reaction(in 1 hour by TLC 
analysis), 0.5M KH2PO4 was added(5ml), and the solution was allowed to warm to room 
temperature and extracted with ethyl acetate (3x20ml). The combined solvent extract was 
washed with water (25ml ) and saturated NaCl ( 25ml ), then dried. Filtration and removal of 
solvent gave an oil that was chromatographed on a column of silica gel (hexane:ethyl acetate, 
20 4:1) to give 2-0-Bis(benzyl)phosphoryl-3-bromo-3,4,4 , ,5-tetramethoxy-(Z)-stilbene (390mg, 
94.5%) as a clear gum. 

B. Preparation of 2'-Disodium Phosphate-3'-bromo-3,4,4%5-tetramethoxy-(Z)- 
25 stilbene 

Chlorotrimethylsilane (70mg, 0.648mmole, 0.082ml, 2eq.) was slowly added (with 

vigorous stirring) to a solution of 2-0-Bis(benzyl)phosphoryl-3-bromo-3,4,4',5- 

tetramethoxy-(Z)-stilbene (212mg, 0.324mmole) and sodium iodide (97.2mg, 0.648mmole) 

30 in dry acetonitrile (5 ml, in a dry flask under argon). After stirring 20 min, TLC analysis, 

showed no starting material. Enough water was added to dissolve the salts and a straw color 

was removed by the addition of 10% aq. sodium thiosulfate (5 drops). The solvent was 

separated and the aqueous phase extracted with ethyl acetate (4x10ml ). The combined 
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extracted was concentrated in vacuo, and the resulting foam was dissolved in dry methanol( 
2ml). Sodium Methoxide(95%, 34mg, 0.648 mmole) was added in one portion and the 
solution stirred for 9 hours. The methanol was removed under reduced pressure and the solid 
recrystallized from water-ethanol to give a white powder (64mg, 0.12mmole, 37.0%) 



5 HNMR(ppm, 5): 6.98,(1H, d, d=l 1.5Hz), 6.58(1H, d, J=8.5Hz), 6.50(1H, d, J=l 1.5Hz), 
6.48(2H, s), 3.83(3H, s), 3.63(3H, s), 3.55(3H, s). PNMR(ppm, 8): -0.36 



4-methoxy-2, 3-dinitrobenzaldehyde (2.94 mmol) and 3,4,5- 
trimethoxybenzyltriphenyl phosphonium bromide (1.54 g, 2.94 mmol, 1.0 equiv) in 
anhydrous dichloromethane (25 mL) was added NaH (0.424 g, 17.67 mmol, 6.0 equiv). The 
20 reaction mixture was stirred at room temperature for about 7 hours and monitored by TLC. 

The reaction was quenched by adding water, the organic layer was separated and the aqueous 
layer was extracted with dichloromethane (3 x 25 mL). The combined organic layer was 
washed with brine, dried over Na 2 SC>4 and concentrated in vacuo to orange colored slush. To 
this was added about 15 mL of dichloromethane and refrigerated overnight. The crude 



25 mixture was subjected to flash chromatography to isolate 2\ 3'-Dinitro-3,4,4\5- 

tetramethoxy-(Z)-stilbene (0.581 g, 1.48 mmol, 51%, solid) *H NMR (300 MHz, CDC1 3 ): 8 
3.69 (6H, s), 8 3.82 (3H, s), 8 3.95 (3H, s), 8 6.30 (2H, s), 8 6.49 (1H, d, 7=11.86), 8 6.77 
(1H, d, 7=11.84 Hz), 8 7.09 (1H, d, 7=8.93 Hz), 8 7.36 (1H, d, 7=8.9 Hz). 

30 Example 4: 2\ 3 y -Damino-3,4,4\5-tetramethoxv-(Z)-.stilbene (ZSB-3B) 



10 



Example 3: 2\ 3 ? -Dinitro-3A4\5-tetramethoxy-(Z)-stilbene (ZSB-3B) 
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A well-stirred solution of 2\ 3 , -Dinitro-3,4,4',5-tetramethoxy-(Z)-stilbene (0.422 g, 
1.08 mmol) in a mixture of acetone- water (2:1) was heated to 50oC. Then sodium thiosulfate 
(1.88 g, 10.81 mmol, 10.0 equiv) was added and the reaction mixture was heated to reflux for 
6 hours. The reaction was cooled to room temperature and water was added. The organic 
layer was separated and the aqueous layer was extracted with ethyl acetate (4x25 mL). The 
combined organic layer were washed with brine, dried over Na 2 S04 and concentrated in 
vacuo. The mixture was then subjected to preparative TLC to give the 2', 3'-Diamino- 
3,4,4' ,5-tetramethoxy-(Z)-stilbene. 

*H NMR (360 MHz, CDC1 3 ): 83.61 (6H, s), 8 3.80 (3H, s), 8 3.82 (3H, s), 8 6.38 (1H, d, 
/ = 8.44 Hz), 8 6.48 (1H, d, 7=12.12 Hz), 8 6.49 (2H, s), 8 6.52 (1H, d, 7=12.06 Hz), 8 6.66 Hz 
(1H, d, 7=8.43 Hz). 

Example 5: V serinamide-3A4 , <l 5-tetramethoxv-(Z)-stilbene (ZSB-45) 



A, Preparation of 2'-FMOC-L-serinamide-3,4,4%5-tetramethoxy-(Z)-stilbene 

To a well stirred solution of 2'-amino-3,4,4\5-tetramethoxy-(Z)-stilbene (0.1 14g, 
0.362 mmol) in anhydrous DMF (2 mL) were added DCC (0.101 g, 0.489 mmol), 
FMOC(Ac) L-serinamide (0.173 g, 0.467 mmol), and HOBt.H 2 0 (0.0702 g, 0.520 mmol) at 
room temperature. After 21.5 h, EtOAc was added and the mixture was filtered. The filtrate 
was washed 5 times with water and twice with brine and the organic phase was dried over 
sodium sulfate. After evaporation of the solvent the yellow oil was purified by normal-phase 
preparative TLC (60% hex-EtOAc) developing twice to afford 2'-FMOC-L-serinamide- 
3,4,4\5-tetramethoxy-(Z)-stilbene (0.1308 g, 54% yield). l H NMR (CDC1 3 , 300 MHz) 88.13 
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(br, 1H), 7.91 (s, 1H), 7.77 (d, 2H, J=7Hz), 7.57 (br, 2H), 7.40 (br, 2H), 7.31 (br, 2H), 7.13 
(d f 1H, J=8.5), 6.70 (dd, 1H, J=8.5, 2.4 Hz), 6.32 (br, 2H), 6.22 (s, 2H), 5.27 (m, 1H), 4.54 
(m, 2H), 4.40 (m, 1H), 4.19 (rnJH), 3.80 (s, 3H), 3.72 (s, 3H), 3.48 (s, 6H), 1.95 (s, 3H). 

5 

B. Preparation of 2' serinamide-3,4,4%5-tetramethoxy-(Z)-stilbene 

2 , -FMOC-L-serinamide-3,4,4',5-tetramethoxy-(Z)-stilbene (0.131g, 0.226 mmol) 
was dissolved in 1.5 mL of dichloromethane and 1.5 mL of MeOH and 0.22 mL (0.0176 g, 

10 0.44 mmol) of an aqueous solution of 2N- sodium hydroxide were added. After the reaction 
mixture was stirred at room temperature for 18 h dichloromethane was added and the organic 
phase was washed once with water and twice with brine, dried under sodium sulfate and the 
solvent evaporated. The resulting oil was purified by normal-phase preparative TLC (95% 
CH 2 C1 2 - MeOH) to afford 2' serinamide-3,4,4 , J 5-tetramethoxy-(Z)-stilbene (52.9 mg, 67%). 

15 l H NMR (CDCI3, 300 MHz) 8 9.65 (s, 1H), 8.02 (d, 1H, J= 2.6 Hz), 7.15 (d, 1H, J= 8.5 Hz), 
6.68 (dd, 1H, J= 8.5, 2.6 Hz), 6.60 (d, 1H, J=12.1 Hz), 6.49 (d, 1H, J=12 Hz), 3.81 (s, 3H), 
3.79 (s, 3H), 3.72 (m, 1H), 3.62 (m, 1H), 3.60 (s, 6H), 3.36 (t, 1H, J=5.3 Hz), 1.80 (br, 2H). 
,3 C NMR (CDCI3, 75 MHz) 6 171.8, 159.5, 152.8, 137.7, 135.8, 132.6, 131.8, 130.1, 124.3, 
119.9, 110.9, 105.8, 105.2, 65.1, 60.9, 56.5, 55.9, 55.5. 

20 

Example 6: CA-4P Methyl Ester, Ammonium Salt (Oxi-com-209) 




Step A 

25 0.60 ml (2.69 mmol) of 2-cyanoethyl diisopropylchlorophosphoramidite, 0.90 ml (5.2 

mmol) dry Hunig's base and 0.14 ml (3.46 mmol) anhydrous methanol (Aldrich) were 

reacted in 15ml dry THF under argon with stirring. The reaction was allowed to proceed for 

over 20 hours and monitored by TLC (a white-orange spot on staining with ninhydrin that 

follows the solvent front for a 50:50 mix of ethyl acetate-hexanes, or has an Rf = 0.12 in 5% 
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ethyl acetate in hexanes). After this about 2.5g of silica gel that had previously been 
neutralized with triethylamine was then added to the reaction mixture and the solid products 
were adsorbed onto the silica gel by removing the solvents by ro to vaporization. The dried 
down silica gel was collected into a Biotage FLASH sample injection (SIM) cartridge and 
5 eluted through a silica gel packed FLASH 20S column with 7% ethyl acetate in hexanes on a 
Biotage FLASH 40 chromatography system, pressure =15 psi. (Note: Before sample elution 
the column was prepared by neutralizing the silica gel in it with approximately 250 ml of a 
15% triethylamine-methanol solution after which it was rinsed with about 100 ml of the 7% 
ethyl acetate in hexanes solution). Fractions 6 to 10 were pooled and rotovaporized to give 
10 0372 g (1.60 mmol) of product in 60% yield (to the initial chlorophosphoramidite). 

StepB 

03551 g (1.529 mmoles) of product from Step 1 was added to 4.0 ml (1.8 mmol) of a 
0.45 M lH-tetrazole solution in acetonitrile (Fluka) in a stoppered round-bottom flask under 
15 argon. Next, 3.7 ml (0.1515 g/ml = 0.56 g, 1.70 mmol) of a Combretastatin A4 (CA4) 

solution in dry methylene chloride was added slowly from a syringe dropwise to this solution 
under argon with stirring. The reaction was again monitored by TLC using a 50:50 ethyl 
acetate-hexanes mixture, Rf of product = 0.70 (visible by uv, turns brown by air oxidation of 
CA4 group and also develops orange with ninhydrin) and allowed to react for about 33 hours. 

20 

StepC 

After this 0.449 g of (~ 2 mmol) m-choroperoxybenzoic acid (70-75%, Acros) was 
added to the reaction mixture and product formation was monitored by TLC as before. 
Almost complete conversion to the oxidized diester was evident in 10 minutes, but the 
25 reaction was run for 2 hours. TLC monitoring of the product showed a broad spot with an Rf 
of about 030 in 50:50 ethyl acetate-hexanes. The product was purified by flash column 
chromatography to give 0.250 g (0.540 mmol, 35% yield) of product shown pure by 1-H and 
31-PNMR. 

30 StepD 

0.2122 g (0.4598 mmol) of pure product from Step 3 was dissolved in 10 ml of an 80:20 

methanol-methylene chloride solution to which was added 0.15 ml (1.14 mmol, -2.5 

equivalents) concentrated ammonia solution (28-30% ammonia, Acros) which was allowed to 

react for over 24 hours. The 3-aminopropionitrile by-product, ammonia and solvents were 
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removed by rotovaporation and then vacuum pump. This gave the correct product in about 
90% yield verified by 1-H and 31-P NMR and greater than 90% in purity by HPLC and 
capillary gel electrophoresis. 

Using the procedures described herein or by modification of the procedures described 
5 herein as known to one of ordinary skill in the art, the following additional compounds have 
been prepared: 

2'-Disodium Phosphate-3'-Hydroxy-3,4,4%5-tetramethoxy.(Z)-stilbene (ZSB-1A) 




10 OCH 3 

2'-Hydroxy-3'- Disodium Phosphate -3,4,4%5-tetrarnethoxy-(Z)-stilbene (ZSB-2A) 




och 3 

15 

3%5'-Dihydroxy-3,4,4%5-tetramethoxy-(Z)-stilbene (ZSB-1B) 



h 3 co- 
h 3 co' 




20 

(0.27g, 80%). 'H NMR (300MHz): 3.67(6H, s), 3.79(3H, s), 3.86(3H, s), 4.96(2H, bs), 
6.23(1H, d, J=12.28Hz), 6.36(1H, d, J=12.2Hz), 6.43(2H, s), 6.56(2H, s). 13 C NMR (75.47 
MHz): 55.92, 60.94, 61.14, 106.2, 108.68, 129.19, 130.07, 132.29, 133.69, 134.02, 137.27, 
148.62, 152.83. 

25 

3%5'-TetrasodiumPhosphate-3,4,4%5-tetramethoxy-(Z)-stilbene (ZSB-2B) 
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2'-Bromo-3'-Hydroxy-3,4,4%5-tetramethoxy-(Z)-stilbene (ZSB-16) 



5 




Br 



iH 



(530mg, 51.5%, solid). HNMR (ppm, 8): 6.83(1H, d, J=8.5), 6.70(1H, d, J=8.5Hz), 6.56(2H, 
s), 6.42(2H, s), 3.94(3H, s), 3.88(3H, s), 3.65(6H, s) CNMR(ppm, 8): 153.13, 146.36, 
10 143.54, 137.54, 132.43, 131.52, 131.10, 129.14, 121.97, 110.61, 109.87106.44, 61.30, 56.83, 
56.22 



2 , .Bromo-3'.DisodiumPhosphate-3,4,4',5-tetramethoxy.(Z)-stilbene (ZSB-17) 

15 



(120.2 mg, 0.2.3mmol, 71.4%) 'H-NMR(ppm, 8): 6.67( 1H, q), 6.52(1H, d, J=l 1.9Hz), 
6.43(1H, d, J=12.4Hz), 6.36(2H, s), 3.63(3 H,s), 3.55(6H, s), 3.47(3H, s). 
20 13 -CNMR(ppm, 8, CDC13): 152.32, 133.50, 130.96, 130.74, 129.96, 125.06, 111.69, 106.71, 
61.17, 56.11. P-NMR (ppm, 8): 1.06. 




25 



2'-hydroxy-3,3%4,4',5-pentamethoxy-(Z)stilbene (ZSB-18) 
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(1.49g 4.3mmol, 82.7%) HNMR(ppm, 8, CDC13): 7.27( 1H, d, J=12.3Hz), 7.08(1H, d, 
J=8.3Hz), 7.03(1H, d, J=13.5Hz), 6.75(2H, s), 6.53(1H, d, J=8.6Hz), 3.92(6H, s), 3.90(6H, s), 
5 3.88(3H, s). CNMR(ppm, 5, CDC13): 153.70, 152.05, 147.73, 137.83, 135.86, 134.36, 
128.09, 123.12, 122.15, 118.11, 104.43, 103.66, 61.39, 56.50, 56.27. 



2'-DisodiumPhosphate-3,3 , ,4,4',5-pentamethoxy-(Z)stilbene (ZSB-19) 

10 




(97mg, 0.21mmol, 42%, solid) ^-NMRCppm, 6, D20): 7.25( 1H, d, J=12.3Hz), 7.08(1H, d, 
J=8.3Hz), 6.93(1H, d, J=13.6Hz), 6.83 (1H, d, J=8.6Hz), 6.71(2H, s). 
15 PNMR (ppm, 8, D20): 2.97 



3 , -hydroxy-3,4,4',5,5'-pentamethoxy-(Z)stilbene(ZSB-20) 




(560mg 1.62mmole, 62.3%). 'H-NMR (ppm,S,CDC13): 6.88(2H, s), 6.80(1H, s), 6.72(2H, s), 
6.63(1H, s), 3.92(12H, s), 3.86(3H,s) C-NMR(ppm, 8, CDC13): 153.79, 152.84, 149.83, 
135.70, 133.83, 133.37, 128.70, 128.30, 106.47, 103.84, 102.86,61.40, 60.83. 56.52, 56.27. 

25 

3'-Hydroxy-2',3,4,4'^-pentamethoxy-(Z)-stilbene (ZSB-27A) 



31 



WO 03/035008 



PCT/US02/34497 




(251.5 mg, 0.726 mmol, 72.6%) 'H-NMR (300 MHz, CDC1 3 ): 8 6.73 (d, J=8.7 Hz, 1H), 
6.58 (d. J=12.3 Hz, 1H), 6.52-6.44 (m, 4H), 5.80 (s, 1H), 3.85, 3.79 (s,s, 9H), 3.63(s, 
5 6H).CDC1 3 ):8 153.1, 147.5, 145.8, 138.9, 137.4, 133.0, 130.4, 125.4, 124.2, 120.9, 120.6, 106 
.8, 106.4, 61.3, 61.2, 56.7, 56.6, 56.2. 



3'-Disodium Phosphate-3,3',4,4',5-pentamethoxy-(Z)-stilbene (ZSB 27B) 

10 




(117.8 mg, 0.25mmol, 73.7%, solid). 'H-NMR (300MHz, D20): 8 6.70 (d, J=8.4 Hz, 1H), 
6.55 (d,d J=12.1 Hz, 5.5Hz, 1H), 3.70, 3.56, 3.48, (s,s,s, 15H). 13 C-NMR (300 MHz, D20): 8 
15 153.2, 152.3, 150.9, 137.1, 136.9, 136.0, 134.0, 126.5, 124.2, 124.1, 108.3, 106.7, 61.2, 61.1, 
56.2, 56.1. 31 P-NMR (300 MHz, D 2 0): 8 1.43 




(0.72 g, 1.5 mmol, 88%, oil). *H-NMR (CDC1 3 , 300MHz): 8 3.67 (s, 3H); 3.73 (s, 6H); 3.84 
(s, 3H); 6.09 (s, 1H); 6.39 (d, J = 12.1, 1H); 6.47 (d, J = 12.1, 1H); 6.53 (s, 2H); 6.74 (d, J = 
25 1.6, lH);7.30(d, J = 1.6, 1H). 



4'-DisodiumPhosphate-2 , -Iodo-3,4,5,5'-tetramethoxy-(Z)-stilbene (ZSB-29B) 
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H 3 co 



H3C0 




OP0 3 Na 2 

2%5'-Dihydroxy-3,4,4%5-tetramethoxy-(Z)-stilbene (ZSB-33A) 

H 3 CO 



H3CO 




OCH3 



2%5 , -TetrasodiumDiphosphate-3,4,4%5-tetramethoxy-(Z)-stilbene (ZSB-33B) 

HaCO^ 




OP0 3 Na 2 



H3CO 



OCH3 

2%3'-Dihydroxy-3,4,5-trimethoxy-(Z)-stilbene (ZSB-36A) 

H3CO v 




(0.5g, 1.65mmol, 43.3%) ^-NMR (CDCI3, 300MHz): 5 3.63 (6H,s,2*OCH 3 ); 3.83 (3H, s, 
OCH3), 5.10 (lH,s, OH), 5.50 (lH,s,OH), 6.47 (2H,s,H-2,H-6), 6.53 (lH,dJ=12.04Hz,- 
CH=CH-),6.60 (lH,dJ=12.06Hz, -CH=CH-), 6.92 (3H,m,H-4',H-5\H-6'). 



2%3 , -Diphosphate-3,4,5-trimethoxy-(Z)-stilbene (ZSB-36B) 
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OPQjNaz 



(0.036g, 0.071mmol, 59.1%, solid) 'H-NMR (300MHz, D20): 5 3.69 (6H,s,2*OCH 3 ); 3.77 
(3H, s, OCH 3 ), 6.66 (2H,s, H-2.H-6), 6.73 (lH,d,J=12.02Hz,-CH=CH-), 6.86 
5 (lH,d,J=12.21Hz, -CH=CH-), 6.98 (2H,m,H-5',H-6'), 7.24 (20H, m, 4*C6H6), 7.36 
(lH,d,J=7.14Hz, H-4') PNMR (300Mhz, D20) 8 -3..27, -3.88. 

3',4' Dihydroxy-3,4,5-trimethoxy-(Z)-stilbene (ZSB-37A) 




10 OH 

3',4' Diphosphate-3,4,5-trimethoxy-(Z)-stilbene (ZSB-37B) 




OP03No 2 



15 

'H-NMR (ppm, 8, D20): 6.77 (lH,s); 6.73 (2H, q); 6.52 (2H, s); 6.46 (lH,d,J=12.1Hz), 6.41 
(lH,d, J = 12.1, 1H), 3.88 (3H,s), 3.72 (6H,s). PNMR (ppm, 8, D20): -3.69. 

20 



25 4'-hydroxy-3,4,5-trimethoxy-(Z)-stilbene (ZSB-40A) 
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(ZSB-40B) 4'-phosphate-3,4,5-trimethoxy-(Z)-stilbene 



5 





(85 mg, 0.20 mmol, 30.0%). 'H-NMR (ppm, 5): 7.13 (lH,d, J= 8.3 Hz), 7.00(lH,d, J= 8.3 
Hz), 6.59 (2H,s), 6.56 (lH,d,J=13.00), 6.45(lH,d,J=12.1 Hz), 3.67(3H,s). 
10 13 C-NMR(ppm, 5): 153.00, 133.50, 130.00, 129.80, 129.76, 125.00, 120.05, 119.50, 108.00, 
106.44, 61.00, 56.01. PNMR (ppm, 5): 0.10. 



2'-Fluoro-3'-Hydroxy-3 > 4,4%5-tetramethoxy-(Z)-stilbene(ZSB-41A) 



(126 mg, 0.37 mmol, 74.8%). 'H-NMR (300 MHz, CDCI3): 5 6.79 (t, J= 8.4 Hz, 1H), 6.57- 
6.50 (m, 5H), 3.86(s, 3H), 3.85 (s, 3H), 3.80,(s, 6H). l3 C-NMR (300 MHz, CDCI3): 
8 153.2, 150.6, 147.9, 147.4, 137.6, 134.4, 134.2, 132.8, 131.6, 122.33, 122.29, 120.27, 1119. 
20 25, 119.08, 106.3, 61.29, 56.78, 56.25 



(ZSB-41B) 2'-Fluoro-3'-DisodiumPhosphate-3,4,4',5-tctraniethoxy-(Z)-stilbene 



15 




25 
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OCH 3 



(620mg, 55%, solid). HNMR(ppm, 6, CDC13): 7.43(1H, J= 8.6Hz), 7.20(1H, d, J=16.3Hz), 
6.94(1H, d, J=16.3Hz), 6.74(2H, s), 6.55(1H, d, J=8.3Hz), 3.92(6H, s), 3.88(3H, s), 3.81(3H, 
10 s). 



2'-DisodiumPhosphate-3,4,4',5-tetramethoxy-(Z)-stilbene (ZSB-46B) 




HNMR(ppm, 5, D20): 7.49(lH,dO, 7.36 (lH,d), 6.94 (4H,m), 6.57 (lH,d), 3.77(6H,s), 
3.71(3H,s), 3.65 (3H,s). PNMR(ppm, 5, D20): 1.26. 

20 



3,5-Dinitro-3,4,4',5-tetramethoxy-(Z)-stilbene(ZSB-13) 

25 
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OCH a 



'H NMR (CDCI3, 360 MHz) 8 6.56 (s, 2H), 6.41 (d, 1H, J=12.2 Hz), 6.34 (d,lH, J=12.2 Hz), 
6.14 (s, 2H), 3.82 (s, 3H), 3.72 (s, 3H), 3.70 (s, 6H ). 

10 

3',5'-Diserinamide-3,4,4',5-tetramethoxy-(Z)-stilbene (ZSB-15) 




15 



20 



25 2'-Nitroso-3'hydroxy-3,4,4',5-tetramethoxy-(Z)-stilbene(ZSB-28A) 
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(80 mg, 0.23 mmole, 65%, solid) 'H NMR: 3.64 (s, 6H, 2 x OCH 3 ); 3.81 (s, 3H, OCH 3 ); 3.92 
(s, 3H, OCH 3 ); 6.30 (s, 2H, aryl); 6.59 (d, J = 12, 1H); 6.68 (d, J = 12, 1H); 6.78 (d, J = 8.4, 
5 1H); 6.92 (d, J = 8.4, 1H). 

2'-Nitro-3,4,4',5-tetramethoxy-(Z)-stilbene(ZSB-39A) 




10 

(5.29 g ,81% yield) 'H NMR (CDC1 3 , 300 MHz) 57.59 (d,l H, 7= 2.7 Hz),7.24 (d,l H, 7= 8.8 
Hz) , 7.01 (dd, 1H, 7=8.7, 2.7 Hz), 6.80 (d,l H, 7= 11.9 Hz), 6.62 (d,l H, 7= 12.0 Hz), 6.28 
(s, 2H), 3.93 (s, 3H), 3.86 (s, 3H), 3.62 (s,6H ). 

15 

2'-Amino-3,4,4%5-tetramethoxy-(Z)-stilbene (ZSB-39B) 




0CH3 



20 (0.817 g, 38%). 'H NMR (CDC1 3 , 360 MHz) 87.03 (d, 1H, J=8.4 Hz), 6.51 (s,2H ), 6.49 
(d,lH, J=11.6 Hz), 6.42 (d, 1H, J=12 Hz), 6.30 (dd, 1H, J=8.4, 2.5 Hz), 6.25 (d, 1H, J=2.4 
Hz), 3.80 (s, 3H), 3.75 (s, 3H), 3.64 (s, 6H ), 1.55 (br, 1H). 

25 

2'-Serinamide-3,4,4',5-tetramethoxy-(Z)-stilbene (ZSB-45) 
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CH 2 OH 



OCH 3 



(0.817 g, 38%). 'H NMR (CDCI3, 360 MHz) 57.03 (d, 1H, J=8.4 Hz), 6.51 (s,2H ), 6.49 
(d,lH, J=l 1.6 Hz), 6.42 (d, 1H, J=12 Hz), 6.30 (dd, 1H, J=8.4, 2.5 Hz), 6.25 (d, 1H, J=2.4 
5 Hz), 3.80 (s, 3H), 3.75 (s, 3H), 3.64 (s, 6H ), 1.55 (br, 1H). 



3 , -Hydroxy,5'-Nitro-3,4,4',5-tetramethoxy-(Z)-stilbene (ZSB-43) 




OCH3 



'H NMR (CDCI3, 300 MHz): 3.72 (s, 6H), 3.85 (s, 3H), 3.94 (s, 3H), 6.42 (d, 1H, J=12.1 
Hz), 6.47 (s, 2H), 6.61 (d, 1H, J=12.1), 7.16 (d, 1H, J=2.0 Hz), 7.39 (d, 1H, J=2.0 Hz). I3 C 
NMR (CDCI3, 75 MHz): 56.04, 61.00, 62.54, 106.06, 117.286, 120.73, 126.81, 131.34, 
132.38, 133.92, 137.92, 139.80, 142.64, 150.15, 153.18. 



3'-Hydroxy, 5'-Amino-3,4,4',5-tetramethoxy-(Z)-stilbene (ZSB-44) 




(60 mg, 15%, oil). 'H NMR (CDC1 3 , 300 MHz): 3.71 (s, 6H), 3.78 (s, 3H), 3.84 (s, 3H), 
6.27 (d, 1H, J=1.9), 6.35 (d, 1H, J=1.9), 6.41 (d, 2H, J=1.5), 6.54 (s, 2H). 



25 



30 2'-Amino-3'hydroxy-3,4,4',5-tetramethoxy-(Z)-stabene(ZSB-48) 
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20 



h 3 co. 



HjCO' 



NH 2 




OCH3 



(90.5 mg, 82%, oil) ! H NMR (CDCI3, 300 MHz): 3.64 (s, 6H), 3.81 (s, 3H), 3.84 (s, 3H), 
6.32 (d, 1H, J=8.4), 6.45 (d, 1H, J=12.1), 6.51 (d, 1H, J=12.0), 6.51 (s, 2H), 6.68 (d, 1H, 
J=8.4). 13 C NMR (CDCh, 75 MHz): 55.7, 56.1, 60.8, 101.1, 105.9, 117.6, 120.1, 125.7, 
130.9, 132.1, 132.2, 132.6, 137.2, 145.7, 152.7. 

CA4P Diethyl Ester (Oxi-com 157) 



10 



H a C0 




0 

0-P-0Et 
OEt 

H 3 C0 OCH3 OCH3 



CA4P Dimethyl Ester (Oxi-com 184) 



H3CO 




-O-P-OCH3 
OCH3 

15 H3CO OCH3 0CH 3 



CA4P Cyclohexane Ester, Ammonium Salt (Oxi-com 191) 




H3CO OCH3 0CH3 



CA4P 4-Chlorobenzyl Ester, Ammonium Salt (Oxi-com-192) 




O-P-O® NHf 



H3CO 

H3C0 0CH3 och 3 1 
25 a 
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CA4P n-Octyl Ester, Ammonium Salt (Oxi-com 210) 

0 

-P-O G NH 4 0 
6-n-Octyl 



H 3 C0 




H 3 C0 OCH3 OCH3 



5 CA4P Trifluoroethane Ester, Ammonium Salt (Oxi-com 211) 



H3CO 
H3CO 




0-P-O e NHf 



OCH3 OCH3 



OCH 2 CF 3 



Example 7: Biological Activity 

The pharmacological properties of the compounds of this invention may be confirmed 
10 by a number of pharmacological assays. The exemplified pharmacological assays have been 
carried out with several of the compounds of the present invention. 



A. MTT Cytotoxicity Assay 

Exponentially growing were treated with the following compounds for 1 hour and 5 
15 days. Insoluble compounds were formulated in a small amount (0.3%) of DMSO for 

biological evaluation. Cell viability was determined by the colorimetric MTT assay using 
3(4 } 5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide according to well- 
established procedures (see Berridge, et al (1996) for a general protocol of this type of 
assay). The results are shown in Table 2. 

20 



Table 2. 



Compound 


IC50 @ lh (uM) 


IC50 @5 days (uM) 


ZSB-2B 


25 


1 


ZSB-3B 


2.4 


0.0043 


ZSB-16 


2 


0.0067 


ZSB-26A 


3.07 


0.016 
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ZSB-27 


16 


0.016 


ZSB-39 


2 


0.008 


ZSB-41A 


8 


0.015 


ZSB-43 


8 


1.3 


ZSB-45 


10 


0.05 


ZSB-46A 


43 


0.068 


Oxi-coml83 


8 


0.26 


Oxi-coml91 


35 


0.13 


Oxi-com209 


38 


0.07 


Oxi-com210 


25 


0.07 



B. Vascular Shutdown Assay 

The vascular effects of the following compounds were assessed in tumor-bearing 
mice using a fluorescent-bead assay. A MHEC-5T hemangioendothelioma tumor model was 
5 established by subcutaneous injection of O.SxlO 6 cultured MHEC5-T cells into the right flank 
of Fox Chase CB-17 SCID mice and allowed to grow to a size of 300mm 3 before i.p. 
injection with a single dose of saline control or compound. At 24 hours post-treatment, mice 
were i.v. injected with 0.25ml of diluted FluoSphere beads (1:6 in physiological saline) in the 
tail vein, and sacrificed after 3 minutes. Tumor cryosections at a thickness of 8um were 
10 directly examined using quantitative fluorescent microscopy. For quantification, image 
analysis of 3 sections from three tumor treated in each group were examined and vascular 
shutdown was expressed a vessel area per tissue area (mm 2 ) in percentage of the control. The 
results are shown in Table 3. 



15 

Table 3. 



Compound 


% Blood Flow Shutdown 
(lOOmg/kg) 


ZSB-2B 


65 


ZSB-21 


46 


ZSB-27B 


41 


ZSB-29B 


43 
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ZSB-33B 


51 


ZSB-39B 


50 


ZSB-45 


43 


Oxi-coml92 


90 


Oxi-com210 


89 i 



Other Embodiments 
It is to be understood that while the invention has been described in conjunction with 
5 the detailed description thereof, the foregoing description is intended to illustrate and not 
limit the scope of the invention, which is defined by the scope of the appended claims. 

It is also to be understood that the drawings are not necessarily drawn to scale, but 
that they are merely conceptual in nature. 
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Claims 

What is claimed is: 

1 . A compound of the formula: 

5 




wherein: 

Ri, R4 and R 5 is independently H, OH, lower alkoxy, NH 2 , N0 2 , N3, NH-R 6 , halogen, 
a phosphate ester salt moiety of the general formula 
10 (-0-P(0)(0"M + ) 2 , wherein M is a metal cation or salt such as Na, K and Li, or - 

OP0 3 R 7 R 8 ; 

R 2 is H, OH, lower alkoxy, NH 2 , N0 2 , NH-R 6 , or phosphate ester salt moiety of the 
general formula (-0-P(0)(0~M + ) 2 , wherein M is a metal cation or salt such as Na, 
K and Li; or -OPO3R7R8, wherein NH 2 or OH may cyclize with Ri; 
15 R3 is H, lower alkoxy, or phosphate ester salt moiety of the general formula 

(-0-P(0)(0 M + ) 2 , wherein M is a metal cation or salt such as Na, K and Li or - 

OPO3R7R8; 
R^ is an amino acid acylamino group; and 

R 7 and R 8 is independently lower alkyl, cycloalkyl, aryl or an ammonium salt (NH 4 + ). 

20 

2. The compound of claim 1, wherein: 

Ri, R4 and R5 is independently H, OH or NHR^; 

R 2 is H, an amino acid acylamino group, or a phosphate ester salt moiety of the 

general formula (-0-P(0)(0~M + ) 2 , wherein M is a metal cation or salt such as Na, 
25 K and Li; or has the formula -OPO3R7R8; 

R 3 is lower alkoxy; and 
R$ is an amino acid acylamino group. 
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3. The compound of claims 1 or 2, wherein said amino acid acylamino group is 
serineamide. 

4. A method for inhibiting tubulin polymerization by contacting a tubulin-containing 
system with an effective amount of the compound of claim 1. 

5. The method of claim 4, wherein said system is a tumor cell. 

6. A method of treating a host afflicted with a neoplastic disease by administering to said 
host an effective amound of the compound of claim 1 . 

7. The method of claim 4, wherein said contacted system is located in a patient. 

8. The method of claim 7, wherein said patient is a mammal. 

9. A method for treating cancer by administering the compound of claim 1, wherein said 
cancer to be treated includes leukemia, lung, colon, thyroid, CNS, melanoma, ovarian, 
renal, prostate, and breast cancers. 

10. A pharmaceutical composition comprising the compound of claim 1 as active 
component and a pharmaceutically acceptable carrier. 

11. A method for selectively targeting and destroying tumor vasculature by administering 
to a patient in need thereof, an effective amount of the pharmaceutical composition of 
claim 10. 

12. A method for selectively reducing the flow of blood to a tumor by administering 

to a patient in need thereof, an effective amount of the pharmaceutical composition of 
claim 10. 

13. A method for treating macular degeneration, diabetic retinopathy, and related diseases 
of the eye where vascularization is involved by administering to a patient in need 
thereof, an effective amount of the pharmaceutical composition of claim 10. 
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14. A method for treating restenosis by administering to a patient in need thereof, an 
effective amount of the pharmaceutical composition of claim 10. 

15. A compound of the formula: 




OCH 3 o— n-Octyl 



18. A compound of the formula: 
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20. A compound of the formula: 





wherein: 

Ri is a phosphate ester salt moiety of the general formula (-0-P(0)(0~M + ) 2 , wherein 
15 M is a metal cation or salt such as Na, K and Li, -OPO3R2R3, or an alkyl sulfonate; 
R 2 is an alkyl group or an ammonium salt (NH/); and 
R3 is an alkyl group, an aryl group or a cycloalkyl. 
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22. The compound of claim 21, wherein 

Ri is a phosphate ester salt moiety of the general formula -PO3R2R3; 
R2 is an ammonium salt (NH/); and 
R 3 an alkyl group. 

23. A method for inhibiting tubulin polymerization by contacting a tubulin-containing 
system with an effective amount of a compound of claim 21. 

24. The method of claim 23, wherein said system is a tumor cell. 

25. A method of treating a host afflicted with a neoplastic disease by administering to said 
host a compound of claim 22. 

26. The method of claim 22, wherein said contacted system is located in a patient. 

27. The method of claim 26, wherein said patient is a mammal. 

28. A method for treating cancer by administering to a patient in need thereof, a 
compound of claim 21, wherein said cancer to be treated includes leukemia, lung, 
colon, thyroid, CNS, melanoma, ovarian, renal, prostate, and breast cancers. 

29. A pharmaceutical composition comprising a compound 21 as active component and a 
pharmaceutically acceptable carrier. 

30. A method for selectively targeting and destroying tumor vasculature by administering 
to a patient in need thereof, an effective amount of the pharmaceutical composition of 
claim 29. 

31. A method for selectively reducing the flow of blood to a tumor by administering 

to a patient in need thereof, an effective amount of the pharmaceutical composition of 
claim 29. 
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32. A method for treating macular degeneration, diabetic retinopathy, and related diseases 
of the eye where vascularization is involved by administering to a patient in need 
thereof, an effective amount of the pharmaceutical composition of claim 29. 

5 33. A method for treating restenosis by administering to a patient in need thereof, an 
effective amount of the pharmaceutical composition of claim 29. 
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